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Abstract— This letter presents a numerical investigation 
of acoustic modes propagating in an LiNbO3/sapphire 
substrate under a periodic Al grating, demonstrating the 
occurrence of longitudinal leaky SAWs (LLSAWs) with a 
unique combination of very high velocities exceeding 
10 000 m/s, an electromechanical coupling coefficient of 
4.5%, and negligible leakage into the substrate. The 
leakage was suppressed by optimizing the LiNbO3 (LN) 
plate and Al electrode thicknesses. Compared with 
conventional SAW substrates, the LN/sapphire substrate 
offers 2- to 2.5-fold higher frequencies for periodic 
electrode structures and enables the production of 6-GHz 
devices by standard photolithographic processes. 
Moreover, the required LN plate and Al electrode 
thicknesses remain compatible with existing wafer 
bonding technologies. An analysis of LLSAW dispersion 
in a resonator reveals that the wave behaves as a perfect 
Rayleigh SAW unperturbed by interactions with spurious 
modes. The found optimal LN/sapphire substrates are 
perfect candidates for high-performance SAW devices 
operating in the sub-6-GHz spectrum. 
 
Index Terms— SAW device, resonator, multilayered 
structure, longitudinal leaky SAW, quality factor 
 
I. INTRODUCTION 
he deployment of the fifth-generation mobile 
communication standard (5G), which is characterized by 
increased network capacity and data rates, has led to an 
increased demand for high-performance Surface acoustic 
wave (SAW) filters operating in the sub-6-GHz spectrum. 
However, the operating frequencies of conventional SAW 
filters based on LiNbO3 (LN) or LiTaO3 (LT) single-crystal 
substrates are limited by the minimum line width achievable 
with state-of-the-art SAW fabrication technologies and thus do 
not exceed 2.5 GHz. This limitation arises from the velocities 
of the shear horizontally (SH) polarized acoustic waves 
(4000–4500 m/s) employed as the primary modes in radio 
frequency (RF) SAW filters. 
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To address this challenge, novel substrate materials that 
allow the propagation of acoustic waves with much higher 
velocities are required. Multilayered structures are considered 
as primary candidates for such substrates. These structures 
generally consist of a thin piezoelectric plate firmly mounted 
on a supporting substrate. The plate and substrate are bonded 
directly or via a few intermediate thin layers to produce an 
acoustic mirror. Over the last decade, due to the rapid 
development of breakthrough wafer-bonding technologies, 
multilayered structures composed of a variety of combined 
materials have become feasible. The nature and characteristics 
of acoustic modes propagating in a substrate change with the 
deposition of additional layers and with variations in the layer 
thickness. In addition, new higher-order modes appear in such 
structures with increasing layer thickness. Hence, a variety of 
SAW device performances can be achieved. 
Among the multilayered structures extensively studied as 
potential SAW substrates [1-5], the most promising substrate 
is a thin LN or LT plate bonded to an anisotropic substrate. In 
this case, some of the acoustic modes combine high 
propagation velocities with the typically large 
electromechanical coupling coefficients, k2, observed for LN 
and LT substrates. The high-velocity modes generally 
demonstrate leaky SAW nature. As a result, SAW resonators 
employing these modes are characterized by low quality (Q) 
factors. The leakage can be suppressed by optimizing the 
anisotropic substrate orientation. For example, a longitudinal 
leaky SAW (LLSAW) propagating with strong attenuation in 
an LN substrate can be transformed into a guided plate mode 
if the LN plate is bonded to a quartz or langasite substrate and 
if the substrate orientation and plate thickness are optimized. 
The universal optimization technique combining symmetry 
consideration of the substrate and plate materials with rigorous 
simulation of resonator admittances was applied to LT/quartz 
[6], LN/quartz [7], and LN/langasite [8], and non-attenuated 
LLSAWs were shown to propagate in these layered structures 
with velocities of 6000–6500 m/s, rendering these substrates 
suitable for application in high-frequency high-performance 
SAW devices. Due to the anisotropy of the substrate, energy 
confinement of the LLSAW can be achieved without an 
acoustic mirror between the piezoelectric plate and supporting 
substrate.  
The maximum LLSAW velocity is limited by the 
longitudinal bulk acoustic wave (BAW) velocity VB3 for a 
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